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Coai can be oxidized i n  va r ious  ways t o  y i e l d  mixtures  of organic  
a c l d s .  The product obtained,  of  course ,  depends t o  some e x t e n t  on 
the s a e c i f i c  process .  The process t h a t  The Dow Chemical Company has 
f e l t  t o  be the most promising involves  the  oxida-tion of a suspension 
of  bituminous c o a l  i n  aqueous sodium hydroxide by means o f  gaseous 
oxygec under high p r e s s u r e .  This process  r e q u i r e s  about th ree  pounds 
of sodium hydroxide for every pound of coa l  oxidized.  The Dow Chemical 
Cornpang a s  you know i s  a l a r g e  producer of ch lo r ine  and sodium hydro- 
x ide .  Since w e  have l a r g e  i n t e r n a l  requirements for ch lo r ine  without 
c t e  equivalent  requirements  for the  sodium hydroxide produced as a 
eo-prodact,  t h i s  p rocess  would seen i d e a l  for us.  The process  t h a t  
V J ~  used i s  b a s i c a l l y  t h e  process  de;ieloped by The Coal Research 
Laboratory of  The Carnegie I n s t i t u t e  of Technology. We d i d ,  however, 
 ne t h i s  process  somewhat by us ing  a more s o p h i s t i c a t e d ,  rnultiple- 

chanber,  s t i r r e d  r e a c t o r  s o  t h a t  t he  process could be c a r r i e d  ou t  
cont inuously.  The Coal Research Laboratory had ilsed a simple s t i r r e d  
autoclr-:ie, but  o f  cou r se  recognized t h a t  t h i s  r e a c t o r  would probably 
.be rnodiried t o  a l low cont inuous ope ra t ion  i n  an a c t u a l  commercial 
p rocess .  

The oxidat ion products  ob ta ined  by t h i s  process  a r e  sodium carbonate,  
a r e l a t i v e l y  sma l l ,  amo-unt of  t h e ,  base.-soluble, water- insoluble ,  hw.i.3 
a c i d s ,  2nd the most important  product,  a l ight-yel low colored ,  water- 
so lub le  mixture o f  aromatic  a c i d s .  The averag? molecular and equiva- 
l e n t  weights o f  t hese  so -ca l l ed  “ c o a l  ac ids”  a r e  about  270 and 82 
r e s p e c t i v e l y ,  F e s u l t i n g  i n  an average carboxyl ic  a c i d  f u n c t i o n a l i t y  
of 3.3 .  The main components o f  t h i s  inixture a r e  the  var ious benzene, 
naphthalene,  and biphenyl  polycarboxyl ic  a c i d s ;  1,2,4 benzenetr icar-  
bojcylic a c i d ,  which c o n s t i t u t e s  about 21% of the  mixture ,  i s  the  most 
i n p o r t a c t  s i n g l e  ccmponent,2’3’4’5 The sepa ra t ion  or even f r ac t iona -  
t ior.  o f  t h i s  mixture  i s  d i f f i c u l t  and expensive6 and s o  any commercial 
use f o r  i t  w i l l  probably,  a t  l e a s t  i n i t i a l l y ,  be a use f o r  the mixture 
as a whole without  any ex tens ive  sepa ra t ion .  

%ere are many p o t e n t i a l  uses  for t he  coa l  ac ids ,  and some o f  them 
appear t o  have a g r e a t  dea l  of  promise. This  product i s  q u i t e  unique 
i n  t h a t  these a c i d s  are almost completely aromatic bu t  have s u f f i c i e n t  
p o l y f u n c t i o n a l i t y  so  t h a t  they a r e  r e a d i l y  so lub le  i n  water,  and 
i n s t e a d  of c r y s t a l l i z i n g ,  form an amorphous film on the  removal of the  
water .  T h i s  g r e a t  d i f f e r e n c e  between the  coa l  a c i d s  ana c u r r e n t l y  
a v a i l a b l e  aromatic a c i d s  i s  both a s t r e n g t h  and a weakness. It i s  
a s t r e n g t h  because t h e r e  i s  the  p o s s i b i l i t y  t h a t  very l a r g e  amounts 
could be required for a p p l i c a t i o n s  where v i r t u a l l y  no s u b s t i t u t e s  
could be found. It i s  a weakness i n  t h a t  t he re  i s  no ready-made 
market f o r  a m a t e r i a l  of  t h i s  k i n d , . a n d  it i s  d i f f i c u l t  t o  a s s e s s  
a c z u r a t e l y  t h e  volume t h a t  could be s o l d  and t h e  value t h a t  i t  would 
have t o  the consuner.  

The a c i d s  themselves and t h e i r  s a l t s  have been suggested as s u b s t i t u t e s  
f o r  o t h e r  water-soluble  a c l d s  i n  var ious a p p l i c a t i o n s , l  and i n  a d d i t i o n  
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have Seen used a s  cor ros ion  I n n i b i t o r s 7  and a s  a s e t  r e t a r d e r  f o r  
?ypsuma. 
i s  t h e i r  use as a warp s i z e  f o r  syn the t i c  f i b e r s .  The coa l  a c i d s  were 
found t o  be an exce l l en t  warp s i z e  f o r  nylon, po lyes t e r  f i b e r s ,  and 
c e l l u l o s i c s . s J 1 o J 1 1  The reason f o r  t h i s  i s  t h a t  tnese polyf i inct ional  
a c i d s  i n t e r a c t  more and more s t rong ly  by h y d r q e n  bonding a s  t h e i r  
aqueous so lu t ion  becomes more m d  more concentrated u n t i l  f i n a l l y  they 
form, t o  a l l  i n t e n t s  and purposes, a ”h igh  polymer” a t  very  low v a t e r  
conten ts .  
and so t h i s  high polymer” i s  s t i l l  p e r f e c t l y  so luble  i n  water .  
Although the coa l  a c i d s  make an e x c e l l e n t  warp s i z e ,  they do have a 
very r e a l  disadvantage.  T e x t i l e  m i l l s  a r e  n a t u r a l l y  r e l u c t a n t  t o  use 
a colored s i z e  on an expensive f i b e r  even i f  they a r e  assured  t h a t  i t  
can be e n t i r e l y  removed a f t e r  weaving. 

Perhaps the most obvious d e r i v a t i v e s  o f  an organic  a c i d  t o  be i n v e s t i -  
gated a r e  the ? s t e m ,  and i t  was found t h a t  the var ioxs  e s t e r s  of the 
coal  a c i d s  cou.ld be used as p l a s t i c i z e r s  , syn the t i c  l u b r i c a n t s  , l 2  

hydraul ic  f l u i d s ,  l3  and cor ros ion  i n h i b i t o r s .  l4  Here aga in  t h e i r  co lo r  
mi t iga ted  aga ins t  t h e i r  use i n  p l a s t i c i z e r s  and they d id  not  possess  
any property,  inc luding  p o t e n t i a l  p r i ce ,  t h a t  would make them extremely 
i n t e r e s t i n g  for these  a p p l i c a t i o n s .  If they were a v a i l a b l e  the re  would 
doubt less  be some so ld  f o r  these purposes,  b u t  a product ion p l a n t  would 
not  be cons t ruc ted  on the s t r e n g t h  of  these app l i ca t ions .  

The most promising appl ica t ion .  f o r  the coa l  ac ids  i s  t h e i r  u s e  i n  
thermoset t ing r e s i n s .  They can be r eac t ed  wi th  an alkanolamineJL5 
alkylene oxide,  polynydroxyl compound1‘, or polyaminei7 t o  g ive  a wide 
spectrum o f  r e s i n s  wi th  varying p rope r t i e s .  The polyamide , polyes te r  , 
or combination o f  func t iona l  groups poss ib le  i n  these  r e s i n s  are 
i l l u s t r a t e d  i n  the following examples: 

One app l i ca t ion  f o r  these  a c i d s  t h a t  I s  c e r t a i n l y  not  obvioits 

F e s e  c ros s l ink ing  hydrogen bonds a r e  cleaved by water  

It i s  advantageous t o  prepare a p a r t i a l l y  cured b u t  s t i l l  water-soluble  
r e s i n .  Heating equiva len t  amounts of the  coa l  a c i d s  and monoethanol- 
amine a t  170°C. f o r  3 hours gave 85% e s t e r i f i c a t i o n ,  b u t  very l i t t l e  
amide formation. Other p a r t i a l l y  cured bu t  water-soluble  r e s i n s  can 
be prepared by hea t ing  the  coa l  a c i d s  wi th  p e n t a e r y t h r i t o l ,  or e t h y l -  
ene, propylene, or butylene oxides .  These p a r t i a l l y  cured resins 
a r e  i n  the form of viscous aqueous so lu t ions .  They can be s to red  
i n d e f i n i t e l y  i n  t h i s  form without any danger o f  f u r t h e r  ?olyrnerization. 
This p a r t i a l l y  cured ma te r i a l  w i l l  completely cure  to  a s t rong ,  inso-  
l u b l e  , cross l inked  s t r u c t u r e  when i t  i s  heated a t  e l eva ted  temperatures  
(over  2 O O O C ) .  I n  add i t ion ,  these p a r t i a l l y  cured coa l  a c i d  r e s i n s  a r e  
compatible wi th  the  water-soluble  phenol-formaldehyde prepolymers, and 
are incorpora ted  i n  the  phenol-formaldehyde polymer s t r u c t u r e .  The 
physical  p rope r t i e s  of the  cured c o a l  a c i d  r e s i n s  compare favorably  
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with  those  o f  o t h e r  thermoset t ing resins, and i n  a d d i t i o n  a t  a s u i t -  
a b l y  l a r g e  volume t h e i r  c o s t  should be less  than  the o t h e r  thermosets.  

These c o a l  a c i d  r e s i n s  could be used f o r  many purposes such a s  plxpood, 
hardboard, and chipboard binders' ', b inders  for f i b e r g l a s s ,  ana s h e l l  
molding and foundry core  resins ' ' .  There has been a g r e a t  d e a l  or' 
work done e s p e c i a l l y  i n  the f i e l d  of foundry r e s i n s ,  and these r e s i n s  
have shown cons iderable  u t i l i t y .  The extremely long pot l i f e  i s  a 
d e f i n i t e  advantage f o r  many uses  , but  the a t t e n d a n t  r e l a t i v e l y  high 
cur ing  temperature i s  a disadvantage when the r e s i n  i s  used t o  bind 
thermally s e n s i t i v e  m a t e r i a l s .  I n  any case the coa l  a c i d  r e s i n s  a r e  
very promising and appear t o  represent  the  bes t  p o s s i b i l i t y  f o r  a 
l a r g e - s c a l e  use f o r  t h e  coa l  a c i d s .  

The f i n a l  por t ion  o f  my t a l k  w i l l  be concerned wizh the ques t ion  of 
t h e  economics o f  producing a product such a s  t h i s  and why The DON 
Chemical Company has  n o t  begun commercial production. Bas ica l ly ,  the 
c o a l  a c i d s  a r e  a low-priced product.  I f  they a r e  t o  be Comiiercially 
s u c c e s s f u l  they must compete pr icewise with the products which w i l l  
do a s i m i l a r  job i n  a p a r t i c u l a r  a p p l i c a t i o n ,  and i n  genera l  these 
are high-volume , r e l a t i v e l y  low-priced zhemicals. Ir, a d d i t i o n  to  
being a low-priced product,  the coa l  a c i d s  a l s o  r e q u i r e  a l a r g e  
c a p i t a l  expendi ture  f o r  production f a c i l i t i e s .  For a product of  t h i s  
kind r e q u i r i n g  a l a r g e  c a p i t a l  expendi ture ,  t h e r e  i s  a c h a r a c t e r i s t i c  
volume-cost curve.  A t  h igh production r a t e s  the c o s t  i s  low, but  
where a high product ion ra te  i s  not j u s t i f i e d ,  the product i s  very 
expensive t o  produce. Therefore a company embarking 01: the commercial 
p roduct ion  of a proCuct such as t h i s  must take a ca lcu la ted  r i s k  and 
c o n s t r u c t  a l a r g e  product ion p l a n t  and pr ice  the product low i n  the  
hope of developing a l a r g e  market f o r  i t  wHc:? w i l l  j u s t i f y  t h i s  la rge  
p l a n t  and low p r i c e .  I f  the market does not develop a s  hoped, a grear; 
d e a l  of  money could be lost. Therefore,  what i s  needed t o  s t imula te  
i n t e r e s t  i n  the  commercial production of c o a l  chemicals from coal  
o x i d a t i o n  products i s  a s i n g l e  l a r g e - s c a l e  use which seems c e r t a i r ,  
enough t o  j u s t i f y  che cons t ruc t ion  of a l a r g e  production p l a n t .  A t  
the  present  t i m e  the  c o a l  a c i d  r a s i n s  appear t o  r e p r e s e n t  the b e s t  
p o s s i b i l i t y  of  ob ta in ing  t h i s  la rge-sca le  u s e .  
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